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ay are made with the Moeller Glass Red 
Reading Column making them easy to 
i ready under varying light conditions, at 
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MOELLER DIAL THERMOM- 
ETERS are made in various 
scale ranges up to 1000°F. 
or equivalent. Metal and 
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struments 


F. BEHAR, Editor 


Instrumentation’s Unity 


-™~NE fine day when you were a young lad, you saw that 
( the cherries were ripening, so you whistled to your big 
brother to c’mon over, then he shook a tree to make 
ripe cherries drop. In other words, you produced air- 

ne vibrations (frequencies 1000-4000 per second with a 

ssando effect) then he produced flexural vibrations of 

ut half-second frequency in a solid. Neither of you, of 
course, would have put it that way, but if your science 
teacher had been passing by, he might have pointed out the 
functional resemblance between generating sound waves in 
the air and generating oscillations in a tree trunk. 

Since becoming an Instruments reader, however, you no 
doubt have noticed functional resemblances between instru- 
ments serving widely different practical purposes. Some- 
times, two different-but-essentially-similar instruments have 
been reported in the same issue. Your editor gets as much 
of a kick as you do when such coincidences occur and (don’t 
tell anybody!) we have even taken delight in dramatizing 
similarities. 

Once—and once only—we received within a few days the 
announcements of three apparently-different but functional- 
ly-similar new devices: a chemical pump, a pre-set gasoline 
meter and a granular-material dispenser. That was in 
December 1935. If you were a subscriber then you may re- 
member that on page 25 of the January 1936 issue three 
headings were worded almost alike: 


Automatic Intermittent 
Volumeter-feeder 





Automatic Continuous Automatic Continuous 
Volumeter-feeder W eigher-feeder 
and that the opening sentences were constructed similarly, 
only the characteristic words and figures being different. 

Don’t look now but there’s one of those pairs of items in 
this issue... yes, on the next page. One photograph shows 
a radio-like instrument; the other shows heavy machinery 
m a shop floor. The first apparatus produces supersonic 
waves in liquids to determine emulsification properties, ete.; 
the second shakes machine parts to determine stress- 
reversal properties, etc. At first glance, their resemblance 
seems far-fetched—like a phonograph and a rock drill. Both 
have exactly the same function, however: to convert elec- 
trical energy into mechanical vibrations, the main differ- 
ence being in the frequency ranges. But isn’t there an 
enormous difference in power? No: the ‘console’ model of 
the radio-like device delivers more horsepower than does the 
medium-size model of the machinery shaker. Such whistle 
could the cherries vernichtungschlagen! 

Not only does Instrumentation make possible the fasci- 
nating marvels of chemistry, aviation, etc., but it is a fasci- 
nating study in itself—even when you only study the new 
products and the new methods. 


THIS is an “Editorial”: 


420 EAsT THIRD STREET 
NATIONAL CITY, CALIF. 
the Editor of Instruments: 
| have just read your very interesting editorial comment 
the February issue of Instruments, which to my way of 
nking is a step forward in the right direction. Your 
ticle on the “Fast-growing Need for Education and Train- 
’ makes interesting and constructive reading. I can ap- 
ciate this need perhaps more than the average person 
ause I am an instrument man with thirty-two years of 
erience with various instruments, timing devices, time 
tches and clocks. I have had twelve years’ factory expe- 
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rience in the manufacture of instruments and twenty years’ 
experience in care and maintenance. I know what the prob 
lem is when it comes to the need for skilled instrument 
mechanics; this is specialized work and it calls for special 
ized training. I served a five-year apprenticeship to Instru 
ment making and Horology in England and I have found 
this very much to my advantage in obtaining employment 
in America. For years I have seen the need for men trained 
in this kind of work steadily growing, but unfortunately the 
trained men were not available. This condition was partly 
brought about by the enormous increase in the demands fot 
instruments of all types during the last fifteen years. More 
and more the call is for instruments, which in turn will 
call for men to make them and others to do the work of 
care and maintenance. To properly train men to do this 
kind of work requires highly-specialized training with prac 
tical and personal instruction. I might also add that it re 
quires a more or less special kind of individual, certainly 
one who possesses plenty of patience, perseverance, ingenu 
ity, a keen sense of touch and proportions, and above all, 
natural ability and interest in small mechanical devices. 

You are right when you say the “bottleneck” exists in 
training and practical experience, and not so much in edu 
cation; I have had men work with me who had education; 
but that is all they did have. When it comes to manipula 
tions and coordination between the mind and hands they 
were lost. After all, the great need is for men skilled in a 
practical sense, those who can do things with their hands. 
A soldier may read a book on how to manipulate his rifle, 
but it takes a sergeant on the drill grounds to give him 
practical and beneficial instruction in the proper manipula 
tion. You mention the formulation of a book on the care and 
maintenance of instruments. If such a book were obtainable 
I certainly would appreciate having one. 

I have been reading Jnstruments for twelve years. Where 
I am employed it is circulated from our library around to 
the various departments and quite often it is two or three 
months after issue before I get my look at it. To say the 
least I am fed up with this delay, so I am sending you a 
year’s subscription for Instruments and I would also like 
to get January and February issues. I am also sending fo 
the handbook of airplane instruments by Kollsman that you 
describe. I enjoy having books that have some connection 
with my trade. After I have seen the Kollsman book I may 
be able to advise you on the comparative usefulness of 
other text books. I have taught others my trade and they 
have become competent craftsmen; as for book knowledge 
it has helped considerable. However, my experience has con 
vinced me that first of all a student or apprentice must be 
shown the various.tools and how to use them, also the va 
rious pieces and parts that go to make up the apparatus, 
their names and characteristics; in other words, become 
acquainted with the things he is going to read about so 
that he understands what he is reading. He must do the 
work himself to get practical experience, and the so-called 
“tricks-of-the-trade” are generally imparted to him by those 
who have gained the necessary knowledge from craftsmen 
who have gone before, plus their years of practical experi 
ence. There is considerable information that could be writ 
ten on this subject, but I am wondering if I have not al 
ready taken too much liberty with you. Your editorial is on 
a subject that I am very much interested in, so please for 
give me. I would be glad to hear from you and if I can be 
of any help in giving training or information I shall be 
glad to cooperate. 
March 31, 1941 ALBERT FE. CLARK. 
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HICKOK 
ELECTRONIC BRIDGE 


(Patented Circuit) 





RADICAL BRIDGE DEVELOPMENT 


osine Galvanometer 
Triangulation 


Featuring Electronic (¢ 
Electrical 


and 
Measures Capacity, Power Factor, Phase Angle, 
Resistance, Inductance and Frequency. Indicates 
Synchronism. Null system employed to indicate 
bridge balance, same as in conventional D.( 
bridge. Invaluable for use im schools, labora- 
ories, and inspection departments 


Write for special four-page descriptive folder 


ADDRESS ALL INQUIRIES TO 
THE HrcKOK ELECTRICAL INSTRUMENT CO. 
10514 DUPONT AVE. + CLEVELAND. OHIO, U.S.A. 


FLOW METERS FOR 


STEAM, LIQUIDS & GAS 





Recording, Indicating 
And Integrating 





HIGH PRESSURE METERS 
Standard Differential Range 
of Water 


20 150 


to 


LOW PRESSURE METERS 
Differential Range 


otf Water 


Standard 


l to 8 


INSTRUMENT CO. 


CHICAGO, ILL. 


RING BALANCE 


ATUL CS) Boe 
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THE MONTH'S NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measur 
inspection, testing, metering and automatic control. 
When writing to manufacturers directly, please mention this department as your sou 


information. Or write to Information Section, Instruments Publishing Company. 











Ultrasonic Energy Generators Vibration Energy Generators 


\nnounce ent is made of the first R | d E 2 
reially vVailable line of ultrasonic e1 and elate quipment 
ergy generators. Manufacturer is the firm For study and control of vibratior 
Which in 1937 had built several semi-con powered linear and torsional vibratior 
mercial units for universities and for the erators, special torsional pickups, and 
plastics industry Units now announced, power amplifiers and power sources 
designated “Ultrason, ire said to be fully 
le loped ready-to-u ind as. stable 
high-grad radio apparatus in their fre 
juen nd oth characteristics. All employ 
Ir Fa ty ‘ 














noun Integrated installation 
! pecialt Illustration show 
torsional vibration generator said to | 
t} Nator circuit and piezoelectric-c1 largest ever built It will put more tl 
kal Tie f production na han f) hp. of reactive energy into the struct 
{ range suitable for work between ler test. By using vibration gen 
1 nd ( ke with higher frequencies (uy irl t st_ specimens it thelr reson 
t Mc. ) sili linit illustrated is “Ul quencl fatigue tests can be run 
t I Model 6 of 215-watt power, pro A higt 10,000 reversals pel ecor 
ns ‘ watt of ultrasonic energy it precise control of tress, making it } 
' beg eae Y 15’ : 13” t un one hundred million stress re 
"“ ht 100 Ibs Model ; has the in about three hours for quick tests or 
nsion but more power (251 watts at sampl indrews d Perillo Ine 
ke.) and weigt 136 Ibs. *‘Model 58” i Crescent St., Long Island City, N 
ibinet apparatus with power supplies in 
lower cabinet which provided with caster 
for moving; it can produce 596 watts at 400 Time Switch 
ke. “Model 59” is largest ( ft. high) and 
most powerful (1600 watts at 400 Ke.) Nev 300 Series” said to be t 
Televis Products, Inc., 2400 N Sheffield time witch made with just two ex 
ive., Chicago, Tl. gears (the other gears operate In 
il bath and consequently are alwa 


Electrical Tachometer 


New a-c 
parking tr 


(1) a nor 
brushless 


tachometer 
insmitter 


comprises 
which is a 











by d 
(450 rp.n 


is not affected 


speed 


ited). 
iccomplished by 


Operation 
slow- 








dustrial type self-starting synchronou 
ind commutatorless generator, (2) recti- tor. For actuating off-tripper there is 
ler and (3) a receiver which is a d-c, in- serve power of 40 Ibs. or an equivals 
strument graduated in r.p.m., g.p.m. or other 2000 Switch is said to operate su 
units of speed, of fluid flow, et« Westing fully at 20°F Paragon Electric ¢ 
house Elec. & Mfa. Co., East Pittsburgh. Pa W. Van Buren St., Chicago, IU. 





rators 


nt 














IMPROVED 
SPOTLIGHTS”’ 





Rubicon MULTIPLE REFLECTION galvanom- 
ers have recently been much improved through 
edesign of optical system. The definition of the 
ne-image is now so sharp that readings can be 
stimated to .1 of a millimeter division. 

These sturdy self-contained galvanometers are 
yvailable with sensitivities as high as 5 x 10-* 
mpere and 1x 10°" volt per millimeter division 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 
Ridge Ave. at 35th St. Philadelphia, Pa. 
Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin Bridges, 
Resistance Standards, Resistance Boxes, Coil 
Testers, Clip-on Ammeters, etc. 





Variable 
SELECTIVITY 


Simplified 
OPERATION 


Wide 
Voltage 
Range 


Linear 
Meter Scale 


You can measure the 
individual compo- 
nents of a complex wave accurately and 
rapidly with this new Harmonic Wave 
\nalyzer. The variable selectivity feature 
makes this instrument useful at both high 
ind low frequencies with no sacrifice of 
curacy. The wide voltage range covers 
ilues of nearly every application. Sim- 
licity of operation saves time in making 
ests. Get complete information about the 
any other outstanding features. 


Write for Bulletin +T-103 


EWLETT-PACKARD CO. 


Laboratory Instruments 
EMB! Poge Mill Road + Palo Alto, California 








Welding Synchronizer 


“Weitronic Synchronizer is a new type 
€ unit for precision control in resistanc 
welding work. It is designed to be used witl 
iny non-synchronous timer and power-tub« 

contactor to obtain 
synchronous ope! 
ition, by whicl 
Is 1 int t ting 
current flow 

U! I point ! 
tl current wa 
pi id Wal 
for is approxi 

ite 1 

This l inat 

tt p i { 
transient rer 
ind t) $ lt 
Ing st S na 
strain caused by 
th tral nts l 
welding tran 
for: Ss, makir 





fron the ust of new Synehronizer with 
non-synchronous timing devices. Dust-proof 
steel cabinet is approx. 30” ie x] for 
wall mounting and is easily wired to any 
existing non-synehronous time Since it 
obviates need of firing relay usually su} 
plied with power tube contactors, it provide 
ibsolute iccuracy In timing, ever 


Corp.. WX I Oute D e, Detroit Vich 


Two-tube Combustion 


Furnace 
\ two-tube Varitemp” combustion fur 
nace now supplements maker's single-tubs 
model (Instruments, July 1940, page 174) 
Furnace front forms a_- switchboard = on 





which are mounted the pyrometer indicat 

electric switch and two selective switches for 
selection of the proper voltage to maintain 
1 chosen temperature Maximum temper 

ture is 2750°F. Four Globar heating ele- 
ments (Carborundum Co.) are used to heat 
the two combustion tubes uniformly All 


electrical parts are enclosed in a compart 
ment in lower ventilated portion. Furnace is 
well insulated to prevent excessive heat loss 
into the room.—Harry W. Dietert Co., 9330 
Roselawn Ave., Detroit, Mich 

















The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 

} perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 


integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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rebalance the bridge. Two recorders 
the position of the balancing ele 

~ For Extremely Close the Schering bridge, scenes Cal 
Furnace ind power-factor of the specimer 
iat a ere ia ik nails Temperature Control ipneds ub A” gue enluuie aad 3” 


Thermocouple Checking 


, wider temperature ire provided. Switches for changing 
, n ‘ ned Checkir I ° range, giving a signal, or discontir 
Re ee oak ahaiaketa isual- tats test may be located on the balan 
fur e which provid ments to handle changes larger thar 
zone { pt ticall ini , pated General Electric Co., Sche 
I t I \ \ ) 
on of lab = 
! 1 « iple I Pp 
' n of lal ermeameter 
| ) ) 
tandat nd plant New Hayward Permeameter ope 
! 1 couple \ new i principle lifferent from that o 
hich inere equipments for core analysis determi 
rf checkll Standard rubber bushings, contair 
pper equal 
' , k that fits in le 
t r é Drill nt 
} } ‘ re five well] 
t } th ri pari n 
tandarad ind the four 


les being checked 


With the equalizing block 














chee can be made with- 
in 11°F. fro room ten 
perature up to 1l000°Fr 
Without it, checks can be 
ide within 3°F. over a sample, are clamped into permeamet 
nge of 300 to 1800°F., holders i handwheel is turned in the 
Available with heating tion indicated by pilot lights; this 
ents for either a-c. or d-c. operation on only manual operation, Permeability 
wre dinagr annoy ere es @ Sensitivity of a hundredth of a degree core is read directly in millidarcys. N 
nput ranging from 40 watts at 300°R, uy is easily attainable. @ Top of mercury culations are required if a standar 
to 1800°RF, When temperature must _ be column visible at control point (where size is employed. For odd-shaped 
raised rapidly, input can be increased to most important) because electrodes ter- one determines permeability by ‘ 
000 watt Working space inside is 4” in minate at back of tube. No encircling multiplication with the length-area 
liameter and 36” deep. Outside diameter i metal bands! @ Available in angle form New permeameter is said to be indeper 
<4) NSE ag a -a ie Miva. (illustrated) or conventional straight form. , ee a ; 
‘ Horse } , 4 / @ Send for brief, attractive bulletin, of \v iriations which require careful 
ive., Philadelphia, Pa eration in the classical method of pr. 
The Philadelphia Thermometer Co. bility determination. Sensitivity and 
915 Filbert Street ene Philadelphia racy are said to be comparable with 
Recording A-c Brid re . now in use. Instrument is inherent 
CC £ Cc. £ Oldest Thermometer Manufacturer from effects of humidity and temper 
\n a-c. bridge for rapid recording of in Philadelphia variations. No liquids being employed, 
hanges in cable, capacitors, and insulating ing is unessential. Air flow through the 
materials i lesigned for use in connection ple is said to remain in the laminar 
with life tests, and during treating and pro without attention. The instrument 


contained, requires no external ail 

weighs 50 Ibs., operates from 110-ve 
or d-c. sunply. Engineering Labora 
Ine., 624 I Fourth St., Tulsa, Okla] 





Thermocouple Protecting 


Tube 


New type of thermocouple protectir 
designated “Carbolast,” has been de 
particularly for foundries to prote 
thermocouple wires against action of 





A Dependable 











copper alloys. Tube material is a met 
refractory said to possess light weight 
MINIATURE high mechanical strength It ha 
transfer approx. 20° greater than a 
FREQUENCY METER |_oittie of the Sime watt thickness. I 
duction proce ‘ W hil indergoing manu molten metals do not adhere to the 
facturing proce ‘ ! especially luris for Power Frequencies between Cleaning after immersion “a ee 
rated life test these materials ur ! It is said that because the tube disinte 
physical and chemical changes whic! 15 and 500 cycles per second. by sublimation rather than chemical 
be letected by 1 irement f the i there are no metals or temperatures t 
tric power-factor and capacitance. R No pivots, jewels or pointer. Indica- its use. It can be used in molten alu 
ng e usuall btained by tion is by resonant vibration in a set loys and copper alloys without f 
} ttir I nt-b t mt rie ment of accurately "tuned" steel reeds. contaminating either metal, In heat-tre 
l l ! - oy ; wit t - ! Simple. Rugged. Unaffected by cabo sort allie y tore ae ak Senk sid 
kts : a meine: dali oe form or by ordinary voltage and tem- van welent when prolected into. th 
aecnt Ir — a teeiasaialteine Sntvess perature changes. Wide-range port- nace is said to have long life in 
ing brids equil nt includ tage able and switchboard types also mospheres but is not recommended 
mplifier pl ect Thyratron§ cit available. plications under impact of abrasive part 
t ! tor nd 1 I ! Amplifier Maker furnishes “Carbolast’ Prot 
increases the feeble ! ppearit t out- Write for Bulletin 1551-I Tube a 1 complete fixture comprisi 
put {f b igre wher inbalance curs, ) g” 12” protecting tubes, thermo 
that sufficient yi vailable to oper JAMES G BIDDLE co wires and 10” extension to fit lance p) 
te the pl t reuits, Phase selec . ters used in foundry work. Tubes ar 
tor parat the ltage component of ow available in lengths up to 6 ft. and 1 
bridgt nb nee P ruce by specimer | ELECTRICAL TLRS insTRuMents | liameter for general protecting tube 
- meen, Se er se the proper 1211-13 ARcH STREET NU PHiaveLpnia. PA. cations Mlomati Ufo. Co., Inst 
hyratron t DI power to motors whicl Div., Harvey, Ill. 




















»ersible Form of Thermal 
pe Suvieets Spencer Instruments for Industrial Control 


rsion Thermoswitch” has been re- 


spencer Stereoscopic Microscopes 
by providing a hermetic seal for f t f ‘ 


ting screw as well as water-tight 


the leads. °*This permits adjust- 


aad 
be? 





The Spencer No, Microscope is 


while it is totally submerged 

hot wax, ete. For detailed desecrip- 
Thermoswitch”’ as a temperature 

er See Instruments, July 1938, page 
1 tandard adjustable range is from 0 
F. Contact rating of “series 700 
t 115 volts of “series S800" 2 

l volts both a.c. Special models 
le x” temperatures to 600°F. and for 
uits Fenwal Ine., Ashland, Mass 


The Spencer Refractometer 


The Spencer No. 41 Polarizing Microscope 


} er sta ne 





Carbon Residue Apparatus 





TAG A.S.T.M. Ramsbottom Carbon Direct Result COLORIMETER ~ 
i© Apparatus” may be used for deter- vnereve / icteristic col s produced 
« the amount of carbon residue of I I tiona r ntensity t th concer 
iting oils, fuel oils and other simila ! substance In s I 
\ ts such as light distillate, left on = : . ; . ¢ 
rating in oil under specified conditions. The Spencer Microtomes a we ee 
lar type of apparatus has been widely iowa spies eds ieee 4 : 
throughout the British empire but has : ping sense . 5 
ently come into common use in this - - I = 
endent ntry. It is intended to replace the Con- WN D N f S s 


CSE 


type of carbon residue apparatus 


Spencer Lens Company 





MICROSCOPES REFR ACTOMETERS 

MICROTOMES SPENCER = COLORIMETERS 
PHOTOMICROGRAPHIC |[BurrAcd]] SPECTROMETERS 
EQUIPMENT ass PROJECTORS 











WHEELCO 
SURFAGE TEMPERATURE 
d PYROMETER 





ett 





it gives more accurate results which 

duplicated in different laboratories 
iter precision, Bath is constructed of 
on and is electrically heated, control 
effected by a rheostat. The stainless 


7 7 
coking bulbs into which the samples 


A light weight, pre 
ed are heated to 1020°F. This tem- 5 S I 


ture may be measured either by at FLUCTUATING CONSTANT cision built, self 
trical 


es 2s) See een eee LINE VOLTAGE contained pyrometer 


thermometer made of American heat- ; 
ting glass. Bath liquid is pure lead, ex VOLTAGE with open faced, 





ents having shown that a molten batl 2asily-read scale for 
type i tisfactorv. tal Wy nal Whether it’s 1 VA for an instrument or 10 KVA easliy-re 
ype is satisfactory, kes up a rela- ) , , 
wee ental! . ted vs for a Production line—here’s constant, stable temperature reading 
a Space, BS ass toes voltage for you at all times, even though the 





temperature controlled convenientl) line voleare varies as. much as ibirty percent, of all surfaces (sta- 


Tagliabue Mf ‘oO ark & Nostrand ' 
oh Sa : g. Co., Park & N ; They are fully automatic and instantaneous in 
Brooklyn, N. Y. operation—have no moving parts—require n 


tionary or moving). 
maintenance—and are self-protecting against Commonly used on 
short circuit 


Electron-tube Multi-purpose You can build a SOLA CONSTANT VOLTAGI 
TRANSFORMER into your product, or incor 


Electrical Instrument porate it in your production line or laboratory 


ind know that every test will be made under 


plastic, paper and 
textile mill rolls, 


motors, bearings, 


‘ Model 661” electron-tube  volt- identical line conditions etc. Adjustable joint 
eter serves also as microfaradmeter, Compact—economical. Standard designs are avail- has 180 flexibility. 
1 to be the first of an entirelv new ible, or units can be built to your special : 


7 : yecifications. isk for Bullet -74 -i¢ . . 
f test instruments to be offered by specifications r letin GCV-7 tor positioning to 
T 


t is said to be characterized by un- SOLA ELECTRIC COMPANY 
2525 Clybourn Ave. Chicago, Ill. 


convenient working 
flexibility, making it suitable for a 
I g of applications in radio, elec- 

nd electrical service fields as well as 
laboratory. Features which contribut 
Xibility are Input resistance, 16 meg- 
(low) to 160 megohms: a-e.-d-c. volt- 


ns = Write for Complete 
nge, 6.1 to 6000 volts resistance 7 
0.1 ohm to 1000 megohms: capacity Ons Information 
nee, 8.00005 to 600 microfarads In- 


case is all-metal, with 41.” rec- Wheeloe 

r indicator mounted on panel All NSFORMERS Insthuments CG. 
ry accessories are included Radio 1929-335. HALSTED STREET + + +  CHICAGO.ILLINOIS 
’roducts Con pany, 88 Park Place, TRA 
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Concentration Controller 


New “Solu-Bridge Controller combines 
iwnalytical function of maker Solu- Bridge 
(Instrume?r Oct. 1939, pag 274) with 

! tl 1u tub i ommanding 





ilar? or an electromagnetic con 
, sample of 
the lution or condensate flows through a 
remotely-located cell whereby its electrical 
continuously measured by a 
Wheatstone utilizing a 
eve balance indicator (top of instrument 
panel) At bottom of panel is a small dial 
- ipproximate tempera- 

ture of the olution or condensate. In center 
: iin dial which operator 


ontinuous 


bridge “magk 


et for desired concentration. Instrument 

be irranged to close or to open the 

elay contact is may be desired. Relay is 

positivel etuated by icuum-tube circuits, 

handles an external current up to 2 amperes 
t 110 volt Industrial Instruments, I” 


156 Culve ive., Jersey City, N ] 


Motor Reversing Relays 


light-weight, vibration-proof re- 
lays designed primarily for aviation service 
(control of air flaps, ete.) are offered for 
requirements. Non-welding con 


Two new 


industrial 





tacts are said to make them suitable for ust 
with lamps, motors or other devices wher 
high inrush loads are likely to be encoun 
tered Type C3007" is s-p. s-t. with nor 


mally open contacts rated 50 amps at 12 or 
24 volts d.c. It will stand an inrush of 100 
Contact pressure is 10 Ibs. Coils are 
rated S watts continuous and are for opera 
tion only on d.c. Dimensions 24,” 1%” > 
2”; weight & oz. Two of these, mounted on 
base for motor reversing are 

s” high 1” wide ’ deep, and weigh 
15 oz. A larger relay, “Dunce CXA3008,”" is 
rated 100 amps at 12 volts d.c. or 80 amps 
at 24 volts d.c. and will stand an inrush of 
300 amps. Coil js 10 watts continuous, con- 
tact od 
2 3%” weight 21 oz 


amps 


i common 


pressure is 15 Ibs. Size 3%” x 2% 
Modifications of either 
unit can be supplied to meet individual re 

Struthers Dunn, Inc., 1388 
Philadelphia, Pa. 


quirements 
Cherry St., 
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TETCO 


Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced 


The Electric Tachometer Corp. 
1358 Spring Garden St., Philadelphia, Pa. 











REMINGTON ARMS CO. 


CHRONOSCOPE 





Accurate Within 1% 
Between | & 200 Milliseconds 


Inquiries invited 


Dynamometers, wattmeters, milliammeters 
and voltmeters. Also ultra-sensitive meters 
both for A.C. & D.C., fluxmeters, electro- 


static voltmeters from full scale 120 volts 
to over 20,000 volts, thermocouples, earth 
current meters, cable testers, etc. 

Special Apparatus Built to Order. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
110 POTTER ST. CAMBRIDGE, MASS 
Branch: 15 East 26th St., New York City 


Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, Ill 











TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 
Priced From $39:5° 


Circular on Request. 


CONTINENTAL ELECTRIC CO. 
GENEVA, ILLINOIS 











% NATIONAL * 


RHEOSTATS 


Ask for Catalog No. 5 
National Electric Controller Co. 
5305 Ravenswood Ave., Chicago, III. 








Time Delay Switch 


delay switch provides 
delay in electrical ¢ 
and indust 
with mag 


New time 
termined time 
designed for 
plication in 


laboratory 
conjunction 





lays, where temperature changes art 
constant” and slight variations ir 
ire not detrimental. (Special comps 
switches are provided where 
Switches are provide 
four terminals, two for heater coil 

for main circuit ire adjustable witt 
limits of one second to five minut: 


accurate 


is essential.) 


able in immediately or not-imme 
recycling types, normally-open or né 
closed models. Size with solderin 
3” "yy |” with binding post 
be x 1%” Betts & Betts, 551 W 
St., New York City 


Temperature Relay 


For protection of machines and trar 
overloading, improved ter 
designated “Type CET 

design, ind Supe 


ers against 
ture relay, 
induction-cylinder 








“Type iCi’ 
has been made in the circuit; 


induction-disk relay. No ¢ 
and new 
galvanometer in a W 
circuit comprising a resi 
element in one 
resistors in the 


still serves as the 
stone bridge 
temperature-sensitlve 
and tapped bridge 

three arms. In this application, norn 
erating region of relay is, of nece 
pickup point. Consequently 

characteristic of induction-cy]l 


close to 


torque 


feature provides more dependable and 
consistent protection than was affords 
induction-disk design. Usual adjustmet 


will be the same as that of 
adjusted to close it 
temperature contact at 80°C. and its 
temperature contact at 95°C. with 
ambient. Balance point is midway bet 
as determined by the tap used on ¢ 
the three tapped bridge resistors. The 
taps permit adjustments, so that the b 
point can be made higher or lower, an 
keep range between contact 
a given adjustment, relay is said to be 
affected by ordinary variations in \V 
supplied to bridge circuit. For examp! 
high-temperature contact will 
+1% of the same temperature for a 
voltage of 80% to 110% of rated volt 
General Electric Co., Schenectady, N. 


this relay 
vious type. It is 


closings 
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4 New Method of Determining Voltage and 
Phase Relations in an A-c. Bridge Network 


By J. R. BARNHART 


The Hickok Electrical Instrument Co., Cleveland, Ohio 


lescribing bridge measurements the Wheatstone bridge 
always been presented as the classic example. It 
serves this distinction. Its simplicity appeals at once 
sense of reason. 
ymparing an unknown magnitude with a known stand 
he galvanometer will deflect in one direction if the 
vn is higher than the standard. It will deflect in the 
te direction if the unknown is lower and will not de 
all if the unknown is equal to the standard. We ac 
this unquestioningly as being as it should be. The 
nval galvanometer used as the indicating means in 
Wheatstone bridge circuit is another example of sim 


together the Wheatstone bridge in principle, precision, 
icity and sturdiness, fills a need in electrical measure 
ts. It will always be a staple instrument. However, the 
itstone bridge is suitable only for direct current meas- 
ents. Also, upon close analysis, we find that the in 
resistance of the galvanometer seriously limits its 
range. 
Bridge designers are forced to resort to what is called 
timum conditions. The galvanometer is designed for maxi 
response to minimum change in bridge balance. 
Measurement of high impedances, say of the order of 100 
egohms or higher, is difficult with the conventional Wheat 
ne bridge on account of the relatively low impedance of 
galvanometer. It is necessary to use an extremely deli- 


; 


ite reflecting galvanometer and high battery voltage so 


at the bridge equipment is more or less cumbersome. 

Capacity, inductance and certain kindred measurables 
ch as power factor cannot be measured with the Wheat- 
one bridge. Excellent instruments have been built for this 
rpose but they have lacked the forthrightness of the 
heatstone bridge. An alternating-current bridge that 
uld operate in the same manner as the direct-current 


ridge was a thing to be desired. [It was this thought that 


1 to the development of the bridge herein described. 


A rugged d’Arsonval galvanometer is connected to the 
ernating-current bridge network by an electronic circuit 











that the operation is the same as with the conventional 
eatstone bridge, but with galvanometer impedance in 
ased manyfold. 


The conventional bridge is balanced when the balance 
licator shows that no voltage exists between two given 


nts in the bridge network; the galvanometer or other 
‘ating means recognizes only existence or non-existence 
Itage. 
the bridge described herein the galvanometer recognizes 
mly presence or absence of voltage, but also phase dis 
ment. This permits electrical triangulation—which is 
possible with the conventional bridge. 
ie essential feature of this new bridge is the cosine 
inometer shown schematically in Fig. 1. 
is a triode tube consisting of plate P;, grid G and 
de K,. To is a rectifier tube consisting of cathode Ke, 
Ps and Plate P;. E; and Ee are equal windings on a 


transformer. Connections are made so that when I 
tive P; is negative. R;, Re are equal resistances. M is a 
d’Arsonval galvanometer. The operation is as follows: When 
Ps is positive, current flows Po, Ke, P;, Kyi, Ri, Fi to P 
A portion of the current is shunted through Rs and MM, 
causing the galvanometer to tend to deflect, say, to the left 
When Ps is positive, current flows P;, Ke, P;, Ay, Re, be, 
to P;. A portion of the current is shunted through R; and 
M, causing the galvanometer to tend to deflect to the right 
Because of the inertia of the moving element of the 


IS POs! 


galvanometer, the pointer cannot follow the current alterna 
tions. Consequently, to the eye, the pointer is motionless 

If now, potential is applied to the grid G, across V, in 
phase with £;, the current tending to move the 
to the left will be increased and current tending to move the 
pointer to the right will be decreased. Consequently, the 
pointer moves to the left. Conversely, if the potential on G 
is in phase with EF», the pointer will move to the right 

If the potential on G lags EF; and leads Ey» by 90 electrical 
degrees, or vice versa, the pointer will not deflect. For any 
intermediate phase angle between G and FE; (Fe) the d 
flection of the galvanometer is proportional to the cosine of 


inter 


at 
} 


the phase angle. Whether phase is leading or lagging can 
be determined by the direction in which the galvanomete 
deflects. The circuit elements shown in Fig. 1 function as a 
phase discriminator. 

It is thus seen that zero deflection occurs (1) when n 
voltage exists across V and (2) when the cosine of thi 
phase angle between G and E,; (E2) is zero. 








> 


> 


Fig. 2 


Fig. 2 illustrates the operation of a simple bridge. Fy, FE: 
and F£ are all windings on the same transformer. There 
fore they all have “in phase” relation. Ry; and Ry are ad 
justed until zero deflection occurs. 

Then Rs/R4 Co/C 

In this case zero deflection occurs because there is no 
voltage across V. 














L 


In Fig. 3 is illustrated the method of determining powe) 
factor. The emf’s EF; and Fe» 

tion to Es. Cs represents a standard capacitor having zer 
power factor. Cx represents the unknown capacitor with its 


are adjustable in phase rela 


equivalent series resistance, Rx. Rs; and Ry are adjusted for 


INSTRUMENTS 
April 1941—Page 89 








zero deflection of M. In this case zero deflection occurs be- 
cause the cosine of angle between G and EF, (Ez) is zero. 
The vectors of voltage relations across the bridge are 
shown in Fig. 4. 
The straight line W, Ov, Z represents the voltage I 
across R., Ry in series. W, Oo is the voltage across R: and 
O», Z is the voltage across Ry. Ov,m represents the volt- 











Fig. 4 Fig. 5 
age across the grid leak V. But because it is 90 degrees out 
of phase with E,, Ee 
deflection. 

The phase of F,, Fe 
with Fs 
tained 


and EF: the galvanometer shows zero 


is now shifted until it is out of phase 
by the angle B. In this case zero deflection is ob 
when O:,m is 90° out of phase with E,,Eo. The 
resistance R,,-, in series with the standard capacitor, is then 
adjusted until deflection when E,, Ee is in 
either phase. The voltage vectors are shown in Fig. 5. The 
point m coincides with O, 
The angle A; equals Ag. 


zero occurs 


and no voltage exists across V. 
wR vs WO, 


and calibrated on a dial associated with Rr for a 
given capacitor, C 


Power Factor 


can be 
Capacity can be determined to a high degree of accuracy 


without a standard capacitor. The connections are shown in 
Fig. 6. 














) 


Fig. 6 


R; is an adjustable resistance box, or it may be a fixed 
resistor the value of which is know n. R and R, are adjust- 
ed for zero de flection of M. The voltage vectors are shown 
in Fig. 7 

W,O,Z represents the voltage across R», R, in series 
Wm voltage across Rk; and m,Z voltage across capacito 
G O.,m is normal te W,.Z. Then from the principles of 
eomet 

\ R R 
R, 1 / wl 
R 1 
I n hic] ’ ( \ 
Ry wR 
In the special case where Rs equals Ry and balance is ob- 
tained by adjusting Rs, C l R 
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Power factor of capacitor can be found as in | 
There, xl becomes xC and equivalent series resistan 
is found exactly as for inductor. 


(Z2)*— (21)*—r- 


Power Factor 


If capacity can be measured in terms of resistanc 
frequency, it follows that frequency can be measu 
terms of resistance and capacity. The connections are gs 
in Fig. 6. Instead of the capacitor Cx, a capacitor of } 
value is used. 

A convenient way is to make Rs equal Ry and adju 
for balance. Then the following relation holds: 

1 
27R; C 

The impedance of an inductor can be found in te) 
resistance and frequency the same as capacity. Becau 
iron-core inductor always has an equivalent series resist 
the true value of inductance, also equivalent resistance 


Ww 





Fig. 8 














be found as in Fig. 8. Make Ry equal Ry then the squa 
root of the ratio is 1. Adjust R; for balance. R; equals 
pedance, Z,, of inductor. Insert a resistance, 7, say 
ohms, in series with the inductor. Adjust R; for new 
ance. The new value of #5 equals Z2. 

@ represents the equivalent series resistance. 


(Z2)*— (41)°—r- 


as 


aa? 


Then @) 


from which xl can be found. 

The cosine galvanometer can be used as a balance in 
tor in any a-c. bridge circuit. It is merely necessary to | 
voltages F,, EF», in Fig. 1, in phase with the voltage ap} 
to the bridge network. 

Synchronism between two alternating-current circuits 
be determined by energizing Fy, HK. from one souret 
feeding a small voltage from the othe 
Fig. 1. As the two circuits approach synchronism the 
vanometer pointer will travel slowly from side to side, fi 


source across 


ly coming to rest when exact synchronism is reached. 

Zero phase angle is secured when the pointer com«e 
rest at maximum displacement to one side of zero. 
degree phase angle exists when maximum displacement 
on opposite side of zero. 


When standard 
phase angle is always indicated by maximum pointer d 


connections have been established, 
tion to a given side of galvanometer scale. 

Frequencies other than commercial power line freque! 
‘an be used by having the voltages F;, Fo, Ex. Fig. 2 
erated by a vacuum tube or Vreeland oscillator. Cathod: 
T, and T» can be heated from commercial power line. 

Extremely small (microhenries) and ca 
itaneces (micromicrofarads) can be measured. 


inductances 
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essure-transmission Lag in Remote-indicating 
Pressure-spring Thermometers 


By H. A. ROLNICK 


Director, Trent Engineering Laboratories, Philadelphia 


FE HIS article discusses those thermometers comprising 
1) a metal bulb containing a liquid, vapor, or gas for 
1e thermometric substance, (2) a tube connecting the 

of the bulb to (3) a pressure-responsive element 
ally a Bourdon tube in the form of a flat spiral or 
In the design and use of such remote-indicating ther- 
ters an important factor is the time elapsed between a 
erature change in the fluid being measured and the 
indication at the instrument. This lag (of consider- 
mportance in control applications) is the result of two 





This probably is the first quantitative treatment of the pressure-trans- 
ssion lag—a characteristic whose effects are sometimes greater than 
st thermometer users would expect. Dr. Rolnick (formerly with 
»wn Instrument Co.) discussed air-inclusion errors in our last issue. 
in early issue he will report the results of his original research on 
| another characteristic. 








ferent effects. Part of it is thermometric lag, chiefly due 
the rate of heat transfer from the fluid being measured to 
thermometric substance in the bulb. The other part is 
ag in transmitting the pressure change in the bulb 
ough the capillary connecting tubing to the pressure- 
ring. In this article will be discussed only the latter ef- 
fect—the lag in transmitting the pressure change. 
‘hroughout the discussion, it is assumed that the tem- 
perature changes of the bulb are instantaneous. Actual 
ne lags due to delay in transmitting pressure changes 
will be somewhat longer than those given in this article. A 
more detailed analysis (which it is not necessary to repro- 
luce here) indicates that the slowing-up effect of the pres- 
sure lag is most pronounced at the beginning. Roughly, the 
ital lag constant due to pressure lags and heat transfer 
ags can be obtained by adding the two lag constants. 
Remote-indicating pressure-spring thermometers use fo 
thermometriec substance either a liquid, or a volatile va- 
ior, or a gas. The actuating pressures in these various 
asses are produced in a different manner for each one. So 
ich class will be treated separately. In each case will be 
liscussed the pressure change due a temperature change at 
e bulb, and formulas will be given for the rate of pressure 
inge at the pressure-sensitive element. 


|—Liquid-filled Thermometers 


In this class, the thermometric substance is a liquid. The 
st commonly used ones are mercury, alcohol, xylene, and 
uene. The bulb, connecting tubing and pressure-spring 
completely* filled with the liquid. 


A—RISING TEMPERATURES 


’n a sudden rise in temperature at the bulb, theoretically 
ncrease in pressure of an incompressible liquid may be 
mous enough to cause a permanent increase in dimen 

ns of the bulb. In the writer’s experience, however, this 
rarely been observed, so that apparently, the rate of 
transfer in the commonly-used combinations of ther 
netric liquid and bulb material is not sufficient to de 

p the enormous pressures theoretically possible before 
flow into the connecting tubing reduces the pressure. A 
in temperature at the bulb of a liquid-filied thermome 
before any liquid flows out from the bulb, causes a vol 


trie increase which elastically stretches the bulb walls 
‘auses the pressure increase which is calculated below 


The thermal expansion of the liquid equals the volumetric 

expansion of the bulb. In the form of an equation, this r 

lation is expressed as follows for a long cylindrical bulb 
1.25D(P’-P.)\ 

aVis(l —To) = EV iC -P.) ; (1) 


a relative thermal expansion of liquid and bulb 

V original bulb volume 

T’ —-T temperature change 

K compressibility of liquid 

P=P pressure increase due to temperature Increase 
D diameter of bulb 

b thickness of bulb wall 

Y Young’s modulus for bulb material 


Rewriting the above 
a(T’ -T.) 
p’- Pp (2) 
1.25 D/by kK 
Under this pressure increase, the liquid will flow through 
the connecting tubing to the pressure-sensitive element. The 
pressure in the pressure-sensitive element will rise at a rate 
proportional to the increase in the amount of liquid forced 
into it. The rate of flow of liquid into the pressure element 
(and hence the rate of indication of the temperature) will 
obey the following law of flow: 


dV /dt rate of flow of fluid—volumetric 


r internal radius of capillary connecting tube 
l length of connecting tubing 

n viscosity of fluid 

P bulb pressure after temperature change 


P = helix pressure at time f. 

From equations 1 and 3 we get a relation involving rate 
f pressure increase at the pressure-sensitive element. The 
differential equation so obtained cannot be integrated, so 


that a step-by-step solution must be used to get the answ 





An example has been calculated to give an ite 
idea of the magnitudes involved. The time lag x1 
mately proportional to the length of capillary de 

creases rapidly with increase in capillary tubins te 

and increases with increase in bulb wall thicl The 
latter effect is due to the higher pressures developed in a 
thicker bulb as can be seen from equation 2. 

Erample A mercury-in-steel bulb has a bulb diamete 
if 124”, wall thickness 1/16”, internal volume 10cc., 100 feet 
of connecting tube with a diameter of 0.008", and a pres 
sure-sensitive element requiring a pressure increase of 130 
lbs. In. f 2 each O.U Lee. cl ange l! Its \ Li1i¢ T 
svstem 1.2 seconds is required to ndicate , tf a sudde! 
temperature increase of 20 t the tu S< e s * the 
system. About 2.7 seconds would be required to indicate 
9 10 of the same temperature increase 

B—FALLING TEMPERATURES 

OO} isu el 1 l te! 1 iture tine r S é ? 
the Dult I s t ( na the pressure-sensit ‘ ele ent 
forces sol qu the b. The same lat ~ 
fl \ ind essure S Cast is I Ss 
tempe lle i. 4 ( { ~ % l ¢ ¢ ( 
momete S use n the exal ‘ t ‘ ive the f 
esults: 2.0 se Ss ed t dicat f ‘ 
temp ture change a 7 sec sf NM) f en 
temperature change is 20 f the f 3 | 
pressure In tne bulb S t 7 ( l 








Ii—Vapor-pressure Thermometers 

In this class, the thermometric partly filled 
ith a volatile liquid. The pressure at the bulb end depends 
volatile 


system 1S 


n the temperature-pressure characteristic of the 


material used in it. Hence, for any temperature at the 
bulb, the pressure resulting is definite and liquid is forced 
into or out of the pressure-sensitive element until the pres 
ur equalized throughout the system. 
A—RISING TEMPERATURES 
Aft 1 sudden temperature increase at the bulb, the 
f] of liquid into the pressure sensitive element is given by 
equatio! The pressure change due to the increase of 
iid in the pressure-sensitive element is given by the 
\ kP | eC ORCS EWO® .. (4) 
V—Interr ime of pressure-sensitive element 
\ Internal volume at zero pressure 
pressure in pressure-sensitive element. 
cons t giving ratio of volumetric change to pressure 
change of pressure sensitive element. 
From ind 4 obtained 
Sinkh r i 
log ( ) - Re ree Ce 
Trt P pP 
ere | pressure in the bulb after the temperature 
c| ange 
P pressure in the bulb before the temperature 
change 
r pressure in the pressure-sensitive element at 
time, f. 
The other symbols have been defined above. 


natural logarithm (to 
value of this term when the P’—P 
When P’—P is 10% of P’—P, the value 
when P’—P is 2% of P’—P, its 
is 1% of P’—P is 4.6. 
The equation indicates that the lag depends on the length 
of the capillary connecting tubing, its diameter, the viscos- 
ty of the liquid and the ratio of volumetric change to pres 
change of the pressure-sensitive element. This latter 


The logarithm in equation 5 is a 
and the 
7% of P’—P. is 1. 
d logarithm is 2.3; 
the value when P’—P 


sure 
characteristic is one which has often been overlooked so that 
the lag for some makes of vapor-pressure thermometers has 
been far greater than was suspected. 

An example will be calculated below which will give some 
idea of the magnitudes involved and will show how a poorly 
selected pressure-sensitive element can give rise to large 
1aALS 
with 100 feet of 0.018” I.D. 
ethy! 


rate of 0.013cec. per lb. 


4 system connecting tubing, 


containing alcohol, using a pressure spring with an 
in.*, is calibrated for a 
span of 50 to 250°F. The bulb is moved from 
tap water to boiling water. The time for a temperature of 
197°F. (98 of the temperature 

A properly designed pressure-sensitive 


tenth of this value. 


expansion 
temperature 
change) to be indicated 
Wl be 84 seconds. 


element can reduce the lag to one 


B—FALLING TEMPERATURES 





The same equation (5) is equally applicable in this case. 
Owing to the decreasing rate of pressure change with de 
creasing temperatures, the ratios of pressure changes fo. 
the same temperature intervals will be different and time 

ig’s ll differ at different points on the temperature scale. 

For smaller temperature changes the time lag for an in 

creasing bulb temperature and the time lag for a decreas 
bulb temperature approach one another 


[1i—Gas-filled Thermometer 
In this class, the the 
from its ¢ 


the gas laws. 


rmometrie system is filled with a gas 


far enough itical temperatures and pressures to 
inert 
designing a thermometric system of this type, the 


of the 


follow Usually, an gas like nitrogen is 


used. In 
internal volume bulb is made large in comparison to 
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the internal volume of the connecting tubing and pre 
sensitive element, to reduce the effect of ambient ten 
ture changes. 
A—RISING TEMPERATURES 

A sudden temperature increase at the bulb 
pressure increase following Charles’ law. Gas flows tl 
the connecting tubing. The law of gas flow through the 
ing is that given by equation 3. Since there is pract 
no change in volume of the thermometric system, tl] 
has to be considered. At the 
relation holds: 


PW Gk 56 sin 400 555s 


pressure in sensitive element 


result 


density pressure-sensitly 


ment, the following 


where P 
V=volume of sensitive element 
d=gas density in sensitive element 
m—ratio of pressure change in pressure elem¢ 

mass of gas in it. 

leads to the f 


Combining equations 3 and 6 finally 


ing expression for time lag: 


V 8ln ig P 
t log ( ) peat 

i vrs * y 

time lag 

V=—volume in pressure sensitive element 

P’=final pressure in sensitive element and in bu 

l=—length of capillary connecting tubing 

Ht gas viscosity 

r—radius of connecting tubing 

P,.=initial bulb before the 


change 


pressure in temperat 


P—pressure in pressure sensitive element at t 


The logarithm in equation 5 is a natural logarithm (t 
base e) and the value of this term when the P?’—P 

of P’—P, is 1. When P’—P is 10% of P’—P., the valu 
the logarithm is 2.3; when P’—P is 2% of P’—P, its 

value when P’—P, is 1% of P’—P is 4.6. 
lag of pressure change is directly proportional to the vo 
of the pressure-sensitive element, the length of cap 


is 3.9; the 


tubing and the gas viscosity. 

For a thermometer filled with nitrogen and having a 
span of 0 to 250°F., 100 feet of 0.018” I.D. connecting tu 
ing, the time taken to indicate a temperature of 14( 
when the bulb is placed from a liquid at 100°F. to one 
150°F. is 0.26 seconds; the time to indicate a tempe1 
of 149°F. (98° of the final change) is 0.5 seconds. If tu 
ing 0.008” I.D. instead of tubing 0.018” I.D. 
this system the lags of pressure change would be twenty 
times as great, and thirteen seconds would elapse bef 
98° of a sudden temperature increase at the bulb wou 
the dial of the instrument. 


were used 


indicated at 
B—FALLING TEMPERATURES 

The speed of for decreasing temperature 

about the same since the pressure-sensitive element | 

pressure at the same rate for a given pressure differ¢ 

bulb and element 


creasing or decreasing. 


response 


between whether the pressures ar 


AOI SECRET TOOL REE IE LES: ATE TIRNT ORS 
MRS. E. F. LOVEJOY 
On February 27th death came to the 
Instruments Publishing Company pubtications more ass 
than anyone else in the world 
can filled. Mrs. Ellen Fancher Lovejoy 
proofreader for the Herbick & Held Printing Co. ( 
printers) but above and beyond her routine work she 
played a kindly and wise understanding of a multitude 
details, so that thought of her as a valued fri 
Mrs. Lovejoy’s experience in printing covered four decad 
at eighteen she began setting type for the Warren, O 
Chronicle, later becoming its society editor. She marri¢ 
country editor and could tell many 
overdue accounts in farm produce. Mrs. Lovejoy had b« 
with Herbick & Held since 1926. 
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Saving Fuel 
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By JAMES F. MAHER 


Assistant Engineer, U. S. Indian Service, Dep’t of the Interior, Shiprock Power Plant, Shiprock, N. M. 


N the field of internal-combustion prime movers using 
as fuel liquefied petroleum gas (sometimes called bottled 
gas, butane-propane gas, and by company trade names) 
essential for efficient and economical operation—and it 
customary—to install pyrometers for indicating exhaust 
is temperatures. Fuel saving is an indirect result—seldom 


the primary purpose. 


egular equipment 


i 


r) 


Regulators maintain constant 


he fuel 


{n “Alnor” multi-point pyrometer installed with 
when the plant constructed, fo1 
sual exhaust gas temperature indications. After the plant 
is In operation, however, it came to our attention that the 
meter served as an efficient fuel-saving indicator. 
The liquefied petroleum gas being used in this particulat 
plant is of 2800 Btu./ft.? and 1.6 sp.gr. and 
mally runs to 3000 Btu. It is supplied through eight 
es of 2” copper pipe under pressure, direct from the oi 
ld stabilization plant, with about 300 ft. drop in the line. 
and prevent 
ve pressures (through pressure is necessary to maintain 
in the liquid state). From storage the fuel is 
ed and reduced in pressure and is supplied to the 
xers in undiluted vapor form, where it is mixed with ai! 
{ enters the engine manifolds. 


Was 


Was 


wel ocCca- 


pressure exces- 
vapor- 


engine 


[t is found that weather, seasonal changes and stabiliza 

plant winter and summer grade 

it effect upon engine operation and that this is appar- 

in pyrometer readings. As the density of ] 

s and resulting changes occur in fuel consumption 

ust temperatures, the pyrometer becomes an invaluable 
le for correcting the conditions. 


fuel changes, have a 


the liquit 


luring the winter months the liquid fuel 

at the same time the atmosphere is colder and more 
nse, and it is to 
carbureters, to compensate for these ch: 
ng fuel consumption at a minimum, and to maintal 
exhaust gas temperatures. The 
nixture under these fuel and weather conditions must 
reatly reduced. 


is heavier. 


necessary make adjustments to t 


cers, or 


amount of air e 


early summer it is found necessary to increase the 
nt of air in the fuel mixture to keep engine speed, 
consumption and pyrometer temperatures normal. 

winter, storage pressures are low and liquid level high 


ec + 
h 


in summer high pressures are necessary t 


liquid storage level up to 1 
stabilization plant, sl ng t 
liquid. 

With an extremely gh Btu 
undiluted, slight adjustments 
create a great difference n e! 
peratures or fuel consumpt 
ments are made to the fuel 1 
tial to make these adjustments 
tain needed low fuel consumpt 
tures, but also for prope ng 
trol for load changes 

Most adjustments are made 
mixers, aS this 1S n ¢ ISL) 
that must be increased or dec 
vive proper combustio1 tl 

More than 100 ft ! can [ 
if nvrometer readings a i 
the mixers at } pe times 

It is fou that fuel consu 
pvrometer temperatures as n 
mixture, but t lg the fue 
after ac taln } nt f I 
y xture y mete Té y 
ers Ss true als if an excess 
air mixture t t eratu 

No particu mount of 
ne | ir at mixers He ¢ 
lensity of the i fur i 
taker nto ¢ Side tion att 
Familiarit th the gas n 
close itter the part 
I edge ft cess ( 
existing condit s It é 
and taken care of by one parti 
familia Ss equipment 
settings anc en changes | 

erators n ! ( nges tT 
ment the ¢ A uld he ( nfus ’ 

Constant a ciose attent 
ngs in this } icu pow 
frequently made to the mixers 
s obtained 1 the p met 
nont} 


a Pyrometer 
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Proper Connections Increase Value of Gages 


{warded an Honorable Mention in the 1940 (“Speeding Up National Defense’) Instrumentation Contest 


By HENRY I. MORTON 


Instrument Engineer, Star Brass Mfg. Co., Boston, Mass. 


ETHODS of connecting up pressure gages may be required frequent resetting. When the gage and the : 
considered unimportant but National Defense needs sure compensator were connected to the steam line as 
every improvement that will increase the value of in Fig. 1, complaints stopped and except for pe 


gages to industry, broaden the scope of their uses, and im- checking with a test gage, no servicing was necessal 
prove their response and accuracy. Through competition the the first year. 

manufacturer is constantly improving his product and the Fig. 1 is the simplest adaption of the diaphrag: 
day of 0.25% accuracy is not far off. Mechanical precision using a thin rubber or Neoprene diaphragm. The be 
and easy-reading dials can hardly compensate for poor in- _ be in a tank or pipe but it is usually more satisfacto1 
stallations. Therefore, I feel that to acquaint industry with less expensive to attach the bell outside. The gage 


othe possibilities is to help production. 
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In most industries pressure is a vital factor at one o1 nected to the bell by a length (up to 200 ft.) of %” O.D 
more points in the process; and ability to control and regu- copper tubing and standard connectors. If care is us¢ 
late pressure directly influences uniformity and quality. making the connections tight, the system will stay | 
The Bourdon-tube indicating gage and the helical-tube re- sured for several years. In one case, the system failed aft 
cording gage give accurate measures of pressure but due four years of continuous service because of the corr 


to location are of little value to an operator: the operatot action of chlorine on the tubing, but this did not affect 
trusts to luck rather than make a tour of inspection to tight joint made by the connectors. Response with 
check pressures; if the gages are piped to a central location lengths of tubing when used in a tank with 4 ft. of li 





they become sluggish and inaccurate. In many cases the in is rapid enough for a 10 ft. gage to pulsate wher 
expensive Bourdon gage properly installed and frequently agitator starts and causes the liquid to surge. 
read by an alert operator would be the equivalent of an Fig. 2 is the same arrangement as Fig. 1 except tl 
expensive automatic controller. By proper installation I do has a high-pressure water line connection at the diaph 
not refer to location on a water or air line but to cases bell. The only requirement is that the pressure of the 
ere the pressure of condensate steam, of suspensions, of | stay above the pressure to be measured. This wate1 
scous liquids or of corrosive chemicals is vital to opera- can be used in two different ways: one for periodic flu 
on and location presents a problem. The three sketches in ing, the other for continuous bleeding into the bell com 
1 S articl are examples of the solutions »f location prob tion. W here a slight addition of water is of no import 
ems. Without response and accuracy the gage is a handicap this installation has been successful for pressures in } 
and is so gnored, but when care and thought are given or levels in tanks of substances like pulp or paper st 
t stallation, it is changed into a valuable instrument clay, lime, or starch. Also the bleeding of water throug 
Fig. 1 is an example where the pressure on a steam lin bell connection affords protection against corrosive chi 
varied from 3 to 12 lbs./in.~ and the line was at some dis cals like the addition of chlorine to pulp. However, whe! 
tance behind the machine. The original installation was the addition of water is not desirable, the connection ca 
usua +” brass pipe to a nn the front of the machine flushed out periodically between batches. 
for the operator to control his process. The gage was set Fig. 3 is the bubble pipe type of installation whic 
t rrect for waterleg but due to the circuitous route nec an alternate for Fig. 2, using air instead of wate! 
essary, the water in the '4” pipe varied and since this omitting the diaphragm bell. It is especially useful fi 
vaterleg was over 100° of the pressure most of the time taining pressures of corrosive gases without endang‘ 
control was poor. The problem was solved by the use of a the gage. In the case of level in a closed tank of sul} 
temperature controller compensated f pressure, but drift ous acid, one bubble pipe at the top and one bubble pi} 
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Is Your Timing 
ON A “PAR” WITH YOUR 
OTHER PRECISION TESTS ? 






For Scien tift c 


Accuracy Use 
Gd-wm STANDARD ELECTRIC 
Automatic STOP CLOCKS 


Dependably . . . automatically the Standard Stop 
Clock measures elapsed time down to .005 seconds. 
An invaluable instrument for timing fast reactions 
accurately. Also slower models for timing chemical 
reactions, viscosity tests, etc. . . Easy to read, simple 
to operate . . . Sturdily built—seldom requires at- 
tention. Write Dept. G for complete information 
and details of 30 Day Free Trial Offer. 


THE STANDARD ELECTRIC TIME COMPANY 


Springfield, Mass. ... Branch Offices in Principal Cities 
“STANDARD MAKES EVERY SPLIT-SECOND COUNT” 





CONSTANT VOLTAGE 


For Your Laboratory, Your 
Product, or Your Production Line 








AUTOMATIC VOLTAGE REGULATORS 
95-130 Volt Inputs .. . 110, 115, 
120 Volts Output + 1% 


The UTC Automatic 
Voltage Regulator is 
new. It involves no 
moving parts and ef- 
fects instantaneous 
correction for either 
transient or chronic 
line voltage fluctua- 
tions. This unit has 
innumerable appli- 
cations in broadcast 
apparatus, labora- 
tory equipment, etc. 
Available in 15, 30, 
60, 120, 250, 500, 1000 
and 2000 VA stock 
es. Write for Bul- 
n PS-404. 


* Accuracy 1% %*% Independent of Load * No Moving Parts 
* High Power Factor * High Efficiency * Low Distortion 
* Low Temperature Rise 


* Negligible Time Constant 


© VARICK 


TOIVISION. £00 VARICK STREET NEW YORK ARLAS 






For Precision Measurement of 








» RCA ULTRA-SENSITIVE 
J ELECTRONIC DC METER 


ee ce ce 






*® Full-Scale Deflection on 0.02 Microamperes 
*% Six Microampere Ranges: 0—.02 to 0-10,000 
*% Eight DC Volt Ranges: 0-0.1 to 0-500 

% Resistance Measurements to 1,000 Megohms 
*% Complete Overload Protection 

% Highly Stable. No Critical Adjustments 

% Uses Standard, Low-Price Batteries 

% Now at a New Low Price 











ERE is a three-tube, electronically-operated portable 
meter with a stability on all ranges equivalent to 
that of delicate suspension instruments—priced scarcely 
higher than an ordinary single-purpose meter—yet far 
more sensitive than any suspension or pivot-type meter 
can be made. A current of only 0.0004 microamperes gives 
a deflection of one full scale-division on the lowest range. 
Resistances can be read with only minute current-flow,. 
and without danger to delicate circuits: for no more than 
0.5 volts is ever applied across the measured resistance. 
Two scale ranges cover 0.1—-100 megohms and 20-1,000 
megohms...and up to 200,000 megohms with external 
90-volt battery. 

Voltage measurements can be made without loading the 
circuit, with a constant input resistance on all ranges of 5 
megohms. Electronic Operation protects meter against dam- 
age by overloads. Write for complete data and literature 


Use RCA Tubes in your measuring 
equipment for greater precision. 


RCA Manufacturing Co., Inc., Camden, N. J. 


IN CANADA: RCA VICTOR COMPANY, LTD., MONTREAL 
A SERVICE OF THE RADIO CORPORATION OF AMERICA 








tne 


the correct level on a differential gage 
is not high. 


hottom will give 


as long as the ove 


J pressure 
The details of Fig. 


3 are the bubble pipe, the air line and 


the gage. The design of the bubble pipe varies with the 
application, as a gas line would take a standard pipe 
tee, the head on a weir or flume would take a 1” pipe of 
suitable material so it would not corrode and the level in 
1 tank of a suspension or sticky liquid would use about 6 
f pipe reduced to and run above the tank. The air 
should be connected directly to bubble pipe and throttled by 

needle valve. If there is the slightest possibility of plug- 


ging due to temporary air failure, the gage can bs 
tected from the full compressor pressure when the ait 
back on by adding a reducing valve and setting it f 
maximum of the gage. Bubble pipe install; 
appearing in several catalogs show the air connection 
gage but this is more expensive and inaccurate, as | 
from experience. In the case of a thin suspension, 
able to check the head on a 6” V-notch to 0.01 foot 
time and that was less than the expected accuracy 


pressure 


and conn 


or =. 


recording instrument being used. The gage 


Sos 
1 
i 


tube would be the same as used in Fig. 


Speed Measurement on Synchronous Motors 
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By EUGENE HERZOG 


Matériel Division, Air Corps, Wright Field, Dayton, Ohio 


EW types of aircraft propellers are tested for 
trength and efficiency on stands driven by electric 

motors. Because of various electrical and mechanical 
considerations, it has been found preferable to use syn- 
chronous motors in these installations. The noise and vibra- 


tion are extreme at the motor and the danger due to pos- 
ble breakage of the test propeller considerable. The test 
therefore located some distance away and pro- 
tected at least from the danger of flying fragments. The 


problem under these circumstances was to devise a method 


person! el is 


of speed measurement which was sufficiently accurate 
(within one-fourth percent of the correct amount) and yet 
did not involve locating any of the personnel in the danger 
zone, 

Indicating tachometers were not accurate enough; hand 
tachometers could not be used; tachometers that required 
mechanical connections for the integration of revolutions 
needed excessive lengths of flexible drives to the observa- 
tion room. 


For some time the ordinary vibrating-reed type of fre 
quency meter was used for the rough setting of the speed. 
This indicator the variable-frequency 
supply indicate the speed of the 


motor. However, its accuracy was not sufficient 


was connected on 


system to synchronous 
for the final 
determination 

The 


{pe n 


of the spe ed. 


instead of revolutions 
a synchronous motor) was then carried one 


analogy of counting cycles 
ssible 
further to determine more accurately the frequency 
consequence the speed. Equipment was installed to 
the number of cycles in a fixed time. Cycle counters 
sufficient accuracy were available, although used in the 


measure the length of time elapsed on a fixed 


on 


and in 
count 
past only to 


frequency system, for example, in relay and circuit breaker 


timing. The provision of the fixed time interval for 20 to 
60 seconds with sufficient accuracy was more difficult be- 
ause an instrument of unusually rugged construction had 


to be used under the particular circumstances. Finally such 
i. timing relay was secured. 

As installed, the complete speed counting device consists 
f the following two major parts: A cycle counter manu 
factured by the Westinghouse Electric & Mfg. Co. which 
was chosen among other things because the scale is cal 


revolutions. 
relay is the Microflex timer of the Eagle Signal 
Corp of Moline, i 


when set 


Drated in cycles and therefore reads directly in 
The timing rel 
Illinois. This timing relay and 
in- 


s adjustabl 
Will repeat a one-minute 
This is 
percent. Although pe. 
no decrease 
without 


for a certain timing 


within two cycles on a 60-cycle sy 


twentieth 


tem. an 
iodic 
n accuracy, the de- 

exceeding the tol- 


accuracy of about one 


checks so far have shown 


vice could deteriorate somewhat 
erance, 

The various ‘synchronous motors for the different speed 
ranges are built with different numbers of poles. In order 
that the reading of the cycle counter shall be directly in 
revolutions, the time interval held by the timing relays is 
INSTRI 
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set to correspond to the particular motor. On the tw: 
motor the set to minute; on the 
motor one-half minute; the ten-pole motor 
minute. This is easily understood from the consider 
that in the of the four-pole motor, for instanc 
motor makes one revolution for four reversals of the 
age then count one-half of the « 
we shall have the true number of revolutions. 

The timing relay is push-button operated. The tir 
motor runs continuously during test and pushing the 


fou 
one 


interval is one 


on 
case 


or two cycles. If we 






































trol button closes the contact for the fixed interval, 
\ 
\9 Spasaiaetisastiainssopedsia a _ -HOver b0cyela 
b— . a Pe llahcm 
Pushbutton 5 dienes . 
Srawen “rely 
Timing Relay 
| © 
T 
WY 
uU Dp Never GOn 
| > — Winds ™g motor 
| 
| Cyclic Counter oapply. 
| 
Adjustebie | 
nc, tel L — 
esistence 
| 
ees 6608 na oth 
Troms Fermars 
Synchronous eee tee | , Yanabic Fr cquenca¢ 
Propeijar cicatemumiodan Variable voltage é 








Brive Motor. 








Power Supply Sy6 fa see 





which the timer returns to the starting position. A sp 
count involves the following procedure: The cycle count 
set to zero, the push button is depressed. and at the end 
the time interval the speed is read. During the count 

free to other instruments and the spi 
count does not require appreciably more attention than r 
ing an indicating instrument. 

Obviously the above method can only be used wher 
speed and the frequency are strictly proportional, alth 
for high-accuracy measurement, a generator could be 
vided on the motor shaft if such condition is desired. 
speed obtained is an average for the time interval. This 
disadvantage where instantaneous readings ar 
quired, although the time interval may be shortened i 
sired. But under conditions where a large number of ins 
ments must be read—and this takes from 30 to 60 sec 

it is a distinct advantage to have the slight variations 
speed averaged out. In this application the method 
scribed has been found to give high accuracy combined ™ 


great ruggedness. 


operator is read 


be a 
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HEISE BOURDON TUBE LABORATORIES 


275 NOBLE AVENUE BRIDGEPORT, CONNECTICUT 
IN COLLABORATION WITH THE A. H. EMERY COMPANY 








Get the Right Resistor for each Control Need 


The wide range of types and sizes at Ohmite make it 
easy to obtain exactly the right resistor or rheostat for 
your requirements. Resistors from 1 to 1000 watts. Fixed, 
adjustable or tapped; regular, precision, or non-inductive. 
Rheostats in 10 wattage sizes from 25 to 1000 watts. 
Many stock units. Special units engineered for unusual 
applications. 


Write for Industrial Catalog No. 40. 


IHMITE MANUFACTURING COMPANY 
387 FLOURNOY STREET * CHICAGO, U.S.A. 


Be ho bt with OAMITE 


EOSTATS « RESISTORS + TAP SWITCHES 








Berore the spectacular dive—the zooming 
take-off—came painstaking testing of equipment. 


For the great aviation industry is well known for 
its scientific thoroughness. 


Significant, therefore, is the fact that over 50‘c of 
al] aircraft engines and accessories are tested with 
Meriam Manometers. 


@ Meriam Aircraft Engine Testing Manometers, in U 
and Well Types, are used to measure: Crankcase 
Pressures—Air Flow—Absolute Stack Pressures— 
Carburetor Pressure Drop—Engine Manifold Pres 
sures—Supercharger Pressures—and others. 


Other Meriam Manometers test the following aircraft 
instruments: Altimeters—Air Speed Indicators—Rate 
of-Climb Indicators—Fuel Pressure Gauges—Mani 
fold Pressure Gauges—Suction Gauges—Fuel Quality 
Gauges, etc. Manometers are also used in the testing 
of fuel, vacuum and hydraulic aircraft pumps. 








The Meriam Inclinometer, Model A-420, measures 
precisely the pounds of air per hour passing to the 
carburetor of an engine under test. 

All Meriam Instruments are precision built by men 
with long experience in this class of work. The 
Meriam Co. has been making measuring instruments 
exclusively for the past 30 years and is today regarded 
as one of the world’s foremost manometer makers. 


Write us about your problem. 


THE MERIAM Co. 


Instruments for Indicating Pressure or Flow 
of Liquids and Gases 


CLEVELAND «- OHTO 


Representatives in Principal Cities 
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Fuel Supplies into Service 


National Defense Instrumentation Contest 


By SELIG H. ISAACS 


Instrument Engineer, Wright Aeronautical Corp., Cincinnati, Ohio. 


PROBLEM frequency encountered in industry—and 

one which has led to much unusual instrumentation 
he maintenance of proper relationships between 
lifferent fuels burned in the same firebox. For example 
et us take the case of a certain plant where a by-product 
fuel is used as much as possible to satisfy the various proc 
essing heat demands. For a number of reasons the available 
volume of this fuel is highly variable and it has been found 


necessary to provide an emergency fuel supply to be used at 


those times when the by-product supply is insufficient. How 
ever, the emergency fuel is comparatively expensive and its 
ise must be limited to the absolute minimum. 

When it was decided, after a study of fuels, to install 


automatic temperature control on the material leaving the 


tubes of a furnace where this emergency fuel supply must 
be used, it immediately became obvious that some method of 
cutting the emergency fuel supply into service fully auto- 


matically and smoothly, without upsetting the operation of 
temperature controller, was of paramount importance. 
r the system which was devised. The thermo- 
couple of the transfer-out temperature controller (Item 2) 
was installed in the last tube of the heater (Item 1). Dia- 
phragm motor air pressure from the controller was trans- 
mitted equally to the control valve (Item 4) which throttles 
the by-product fuel supply and control valve (Item 5) which 
throttles the emergency fuel supply. Both valves 
equipped with valve positioners. 


Fig. 1 


Snows 


were 


9 


The temperature controller 2 is one which delivers dia- 
phragm motor pressure from 0 to 15 Ibs./in.-, the range 
which has become standard in throttling control. However, 
the valve positioners were adjusted in such a manner that 
instead of moving the valve from shut to open in a 15-lb. 
range they open the valve wide in an 8-lb. range. Thus 
valve 4 moves from shut to open when the operating pres- 
sure from the instrument changes from 0 to 8 lbs. While 
t 


as 


1e control pressure is below 7 lbs./in.*, valve 5 is shut, but 
lbs., 
open and it is wide open at 15 lbs. From 8 to 15 lbs., valve 
{ remains wide open. Adjusting the positioner to give this 
type of operation is easily carried out and it requires no 
in the standard construction of either the valve or 


as the pressure exceeds 7 valve 5 begins to 


soo! 


change 


the positioner. 


As 
yy-product fuel, controller 2 is operat 


ong 


In operation the control system works as follows: 


is there 


is plenty of | 


Two-meter Open- 


ing below 7-lb. diaphragm motor pressure and valv 
mains shut. As soon as the plant fuel supply beg 
fall the temperature of the material leaving the heat 
to fall and the controller begins to raise the diap 


gins 
motor pressure. As soon as this pressure exceeds 
valve 5 begins to open and emergency fuel is fed t 


furnace smoothly, accurately, and at a minimum, 


valve 4 remains wide open and all available plant f 
























































still used. 
PLANT FUEL SUPPLY 
OOOO00000G+- | — 3 
TUBES . 
CONTRALLER 
EMERGEN 
/ 2 FUEL 
(@) O STORAGE 
HEATER 
BUANERS 4 JS 
° 
y 
FUEL —-===-=-=---- THERMOCOUPLE =——=+——- D/APHRAS/I MOTOR A/R 
This system is fully general in that either two li 


fuels or two gaseous fuels, or a liquid and a gas, ca) 
handled—of assuming proper calculation of \ 
sizes. In Fig. 1 two burners are shown and the two fu 
are shown as mixing as soon as possible. Neither of thes 
conditions is fundamental, as any number of burners 
used, the two fuels can be burned in the same o1 
separate burners equally well and mixture in a two 
burner can take place at any point up to the burner 
fices themselves. 

This system might furthe1 improved under 
conditions by having the diaphragm motor pressure of « 
troller 2 reset the control point of a flow controller wl! 
would in turn operate valves 4 and 5. Thus changes in 1 
of flow of plant fuel would be compensated for by the f 
controller before they could cause temperature upsets. 1 
could only be applied when both the by-product and em 
gency fuel were in the same physical state (that is, eith 
both liquids or both gases) and when the two fuels wer 
the same heating value. 


course 


pe 


be cert 


almost 


hearth Combustion Control 


{ rrded Honorable } ( 1940 ‘Speeding lp National Defense Instrumentation Contest 
By H. E. HOLLING 
Fuel Engineer, Keystone Steel & Wire Co., Peoria, Ill. 
HERE arose the need of an instrument that would a large increase of air to make up the air required for } 


show the operators of our 150-ton open-hearth furnace 
when the gas and air mixture for most 
operation of the furnace. The instrument had to 


is correct 


Was 


‘onomical 


ee 
be accurate and easily read to enable the operators to de- 
e full benefit from it. At the time this equipment was 
needed, there was no standard instrument available. 
his furnace is fired with natural gas and the combus- 
tion air is delivered by a fan type blower. Automatic com- 
bustion control could not be used because at various times 
during furnace operation it is necessary to vary the flow of 


ur to the furnace bey nd the point of perfect combustion 
for the amount of gas being burned in the furnace. The 


as follows: often the scrap charged to the furnace 


amounts when 


reason 


contains of oil, especially charging 





bundled m 1e shop cuttings. At times like this it takes 
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fect combustion of the gas and oil. Also quite fequentl) 
furnace will become too hot and it is necessary to cut 
gas down and leave the air on to cool the furnace rap 
so there will be no damage to the furnace. (The steel, be 
covered by its slag blanket, does not cool appreciably w 
cooling the furnace in this manner.) 

It was decided that a recorder was required with 
pens on the same chart, one pen to represent the air 
and the other pen to represent the gas flow, and the } 
travels to be so related that when at any point on the c 
the pens were together the air flow would be ten times t 
f the gas flow which theoretically would give perfect c 
busion. 

In 
worked out as 


manufacturer this Vv 


5” differential flowmet 


a meter 
a standard 


with 
follows: 


cooperation 

















Alwe* ELECTRONIC TYPE 
> PYROMETER CONTROLLER | | 


y No motors, no depressor bars—no contacts 





The Alnor is a simplified controller which operates on 


je Met pada "=" | Age Drs trements 


The pointer of the pyrometer carries a vane. Two simi- 
ur condenser vanes are attached to the arm of the adjust- 


a able target. When the pyrometer pointer reaches the target 
setting, the pointer vane passes between the condenser ; 
anes and causes a change in the capacity of the circuit desev ve 
which in turn actuates the switch controlling the heating JO" a 
current or fuel valve. A red eye tells whether the heat 
is on or off. 


With no motors, contacts, depressor bars, there is no fo, av, 
Re AIR time lag i 2 » and the i egedness and oe) ) Co) t ( 
ime lag in response and the utmost in ruggedness anc / i, 
durability is provided. Write for bulletin No. 3197-A HLLEZ e CIE J OM t 2 


(i) ®) Mi 1N0185 ook 1G Laboratories LMC. 


at Pinel The modern control room with its impres- 
thes 142 WEST HUBBARD ST., CHICAGO, 
car sive array of recorders, controllers and 

















fu indicators, has become a symbol of our 





technological age. 


aie N O r 4 st r O Mm Proper thought must be given to the 


rat selection of the panelboard to insure 


Thi |{UBRICATED correct design, rugged, precision con- 


ther e struction, smooth, clean, surface appear- 
A i r ( O ¢ k ance. Falstrom engineers, pioneers in fine 
panelboard production, are proud of the 


wide acceptance which has been received 


for gauges, 
instrument panels, etc. 


A quick opening Cock, embodying 
the Nordstrom lubrication principle. 


by Falstrom Instrument Panels and invite 
requests for assistance in planning your 


This is a convenient and safe valve panelboards. Remember, your 


f t k or test c - 

oe bere Tee Tesapcaaglaggliesr nena instruments have a complex 
any line; also for use as a bleeder 

and as a gauge connection on lines, 


and important job to do; 


level indicators and with control in- 





struments. Widely used as a gauge Sizes: mount them on Falstrom 
shut-off behind panel boards. Quarter j,» 3, and 1/5 
turn opens or closes. Round opening 

Body made of forged steel; plug is iss: Rs 


Stainless steel. Ask for Folder 





Panels. 





Sor Hine 


Panelloards 





MERCO NORDSTROM VALVE CO. 


A Subsidiary of PITTSBURGH EQUITABLE METER CO. 


Main Offices: 400 Lexington Ave., PITTSBURGH, PENNA. F A | § T R 0 M C 0 M p A N Y 


FALSTROM COURT, PASSAIC, NEW JERSEY 
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@ If you use condensers at radio 
frequencies, you should have an 
L-C Checker to test them prop- 
erly 

This instrument actually 
checks condensers right in their 
oun circuits—without discon- 
necting or unsoldering—at op- 
erating radio frequencies. It’s a 
real radio or high-frequency 
test. It saves time and effort. 
Yet it checks for effective ca- 
pacity, opens, shorts, intermit- 
tents. Also checks inductances, 





Complete, with tubes and 
instruction manual, _ the 
L-( Checker costs but 
$29.50! 


circuits, frequency resonant 
points, etc. Helps align r.f. and 
i.f. stages, checks wave traps, 
chokes, aerials, etc., in radio 
practice. 

Ask local Aerovox jobber to 
show you the L-C Checker. Ask 
for descriptive literature. Or 
write direct to . 





CORPORATION 


NEW BEDFORD, MASS. | 


IN CANADA: AEROVOX CANADA. Limited Hamilton. Ont 


Bulletin 
NO. 
GX-535 


The Answer to your 


Design Problem may 
be in this New Bulletin 


Write for your copy 


THE FULTON SYLPHON CO., Knoxville, Tenn. 
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was combined with a standard 50” flowmeter. The 

and orifice runs calculated, so that, on wil 
range of the chart the pens were, if they were to; 
the ratio of air to gas was 10 to 1. 

The air and gas valves being independently operat 
furnace operator can make his own decisions as to w 
he wishes an excess or defficiency of air in the furna 
by referring to his two-pen meter can have the 
ratio when he desires it. The chart divisions are su 
each division the air pen is away from the gas pen 
sents about 12% of Ov in the flue gas. Thus a glance 
recorder will tell roughly the gas analysis, since t 
alysis is known when the pens are together. 

The only drawback to this layout is that if air lea 
velop in the checker chambers or in the connecting ait 
(all of which are between the air orifice and the fur 
there will be an error in the results varying with the 
the leak. To provide against this condition, flue gas 
ses are taken once each day by means of an Orsat. 
analysis does not show the correct results when th 
and air valves are set so that the pens are together « 
meter, a thorough inspection is made. Any leaks four 
repaired, after which an analysis is again taken to be sur 
that all of the leaks have been located. 

This duplex instrument has been in service for four 
and its use has resulted in substantial savings. It is de 
able. It is dependable and—unlike many open-hearth 
ments—it is used by the operators. 


were 


Multi-range Rheostat 
with Rotating Dial 


Liwarded an Honorable Mention in the 1940 
Vational Defense”) Instrumentation Contest 


By ROBERT ABRAHAMSON 


Rex Rheostat Co., New York City 


“Spee ding 


N nearly all fields of research, educational and produ 
tion work, a keen demand for the use of regulating 
provide a greater range than heretof 
possible has been emphatically stressed. Futhermore, 
desirable to recognize the ohmic value in the circuit at 


vices which 


moment. 

The writer has constructed a tubular slide-wire rh¢ 
which possesses these features and advantages: one 
incorporating four different ohmic resistance values 
the corresponding different current capacities. 

The resistance carrier of this rheostat has two bit 
wound windings equally distributed over the whole ar 
the carrier, so that the turn of one winding runs bet 
the turns of the other winding. Both windings—operated 
only one slider—are of two wires of identical diamet 
made of materials having different resistivities, fo 
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Ace) R 


th, R 


nickel-copper and nickel-chrome alloy. Both wires 

ilated with a double layer of heat-resistant Fiber- 
er high dielectric strength at temperatures reached 

e rheostat is fully loaded. 

own in Figs. 1-4, the ends of both windings and the 

bar are brought to a four-position switch. The fol- 

connections are made possible by this switch: 
connected in 
winding is connected 
winding is connected: 
connected in parallel. 


th windings are series 
nickel-chrome 
nickel-coppet 
th windings are 
x<ample, a rheostat rated for a wattage of watts 
und with the two windings of 31 ohms in the nickel- 
circuit and 62 ohms in the nickel-chrome circuit, 
és give the following: 
a 1. Both windings in series: 
93 ohms ; 1 350/93 1.95 amy 
nickel-chrome winding 
R 62 ohms I ¥350/62 2.4 amp 
The copper-nickel winding 
R= 31 ohms ; / V350/31 3.4 amp 
{. Both windings parallel: 
16.7 ohms ; 1 16.7 1.1 amp 
As both windings are equally distributed over the entire 
face of the porcelain tube, the rheostat reaches the 
dentical final temperature in each of the four different 
connections if loaded with the same wattage. 
make it possible to recognize the ohmic value and the 
allotted load, the shaft of the four-position switch is 
cted with a square rod—turnable and mounted along side 
‘the rheostat—carrying on each side a scale calibrated in 
ns and marked with the maximum load according to the 
range. 
It is especially advantageous to be able to switch from 
e range to another without changing any connection. 
Operation of this rheostat is time-saving, gives security to 
user and takes the place of four different rheostats. 
Since this rheostat is calibrated it is necessary to pre- 
nt any deterioration of the resistance wire which might 
change the ohmic value. Therefore, I have constructed a 
aphite-lubricated contact brush, which consists of lami- 
nated bronze blades. A graphite carbon is inserted in this 
tal brush to lubricate the sliding path. I have tested this 
by moving the slider 3000 times on a rheostat of 1000 ohms 
after which there was measurable of ohmic 
ilue. Therefore, a rheostat of this construction is also a 
ghly accurate element for any kind of research work. 


350 


2. The 


V350 


con 





no change 


Averting Several Weeks’ 


: Delay in Starting Up 


New Defense Plant 


lwarded an Honorable Mention in the 1940 
National Defense’) Instrumentation 


By JAMES L. WATSON 


Station Tester, Portland General Electric Co., Portland, Ore. 


“Spee ding I p 


Contest 


metering problem 
Jonneville was 


Electric 


BOUT September tenth, a 
was presented for immediate solution. 
delivering power to the Portland General 

at St. Johns through two oil switches and West Salem 

rough one. The St. Johns load was about 50,000 kw. and 

Salem load was 10,000 kw., the former swinging ten to 

nty thousand and the latter steady. An aluminum re- 

ing plant load was put on Bonneville that week, and the 

ngs on St. Johns could not be handled by their 80,000- 

capacity, so it was desired that the system swings be 

wn onto the P.G.E. Co’s steam plant. 

e steam plant was equipped with a Leeds & Northrup 

{ controller, but not with a remote meter from St. Johns. 


remote 


- igged stock was a Westinghouse Type R recording a-c. 


The stationary 
five-ampere 


eter with a range of 90 to 150 volts. 
of its Kelvin balance were replaced by 
and the moving coils separated, each in series with 
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LIQUIDOMETER 
ing tank gauges automatically 
indicate or record liquid levels. 


remote read- 


Direct reading models are avail- 
able where remote reading is 
not required. 


No pumps, valves or auxiliary 


units required to read levels. 
Balanced hydraulic transmission system completely compensates for 
temperature variations on communicating tubing. Accuracy unaf 


fected by changes in specific gravity. 


These tank gauges have been approved for gauging hazardous 
liquids by Underwriters’ Laboratories and other similar groups. 


Write for complete details. 


THE LIAUIDOMETER corp. 


men 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 












Round, Square, 
Fan or Twin Cases 
in 22 Styles 








MODEL 327-A 
Model 327-A—One of Triplett's 22 
panel instrument case styles. These 
precision electrical measuring in 


ln TRIPLETT'S entire line are in 
struments for every electrical meas- 


uring, indicating or control pur- rutaaia ase. nrenided tn towed 
Oe square, fan and twin cases—2”, 3” 
os Sabenete ae Se oe 4”, 5” 6” and 7”. A complete’ line 
sonval type with an extra light of portable insirumeats fer exact 


moving coil; time-proven magnets 
with pole pieces aligned to per- 
manent precision accuracy; trussed 
metal bar bridges. 

% A.C. Instruments are the mov- 
able double iron repulsion type 
with interchangeable coils. 

% Electro-dynamometer type instru 
ments—a new line with develop 
ments assuring extreme accuracy 
and ruggedness. Wattmeters, volt 
meters or ammeters. 


ing measurements also is offered 
% Instrument relays — standard or 
special designs for electrified con 
trol purposes. 

% Instruments for special industrial 
applications—pyrometers, differen 
tial relays, directional locators, and 
a host of others. 
All have two genuine sapphire 
jewel bearings and every refine 
ment marking the most approved 
instrument building practice 


Write for Catalog! Section 324 Harmon Avenue 





THE TRIPLETT ELECTRICAL INSTRUMENT CO. 
- Bluffton, Ohio 


“ 
be 








INSTRI 
April 1941 


MENTS 


Page 101 











"IS THE STANDARD CELL 
AN EPPLEY CELL?" 


1 1 
UCT l lu ( asked Dy the 
€ y pu sing gent nite rested n auto 
n temperdature { Ipp atus 
| Ly 1 
i indard € 
t 1) 
é n 
j , 
j é 
{ ied Epp Standard Ce ) 
4 ict Ss 1 
il¢€ t } i ex € ‘ 


| EPLAB | 
THE EPPLEY LABORATORY, INC, 
SCIENTIFIC INSTRUMENTS 


NEWPORT, R.1L. 


Uu 














Increase... PRODUCTION 
Speed-Up... MEASUREMENT 





With the 
GAERTNER 


TOOLMAKER MICROSCOPE 


Descriptive Bulletin on Request 
’ 


THE GAERTNER-SCIENTIFIC CORP. 
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suitable resistance for 100 volts. The current coils 
were connected to 60/1 current transformers in th: 
ings of one oil switch and the bottom ones to simil 
rent transformers in the other switch. The movin 
were connected across secondaries of 600/1 potentia 
formers, across the 57,000-volt bus, thus totaling the 
the two oil switches. The torsion spring was adju 
give 75 megawatts (75,000 kw.) full seale. 

The pen-driving worm shaft was extended throu 
glass case to the right ten inches and a Micart: 
mounted thereon to carry a slide wire of 160 ohms a 
enough for the slide to go full length with full pen 
Two hundred twenty millamps. were put through tl 
from the St. Johns station battery by means of silv 
rings and silver brushes. A small silver whéel on a ce 
shaft served as a slide. The external circuit was take 
the zero end of the slide wire and the wheel shaft, t} 
an adjustable resistance, and 1400 ohms of leased tel 
cable wires to the Leeds & Northrup automatic regulat 
an indicator on the steam plant board and another « 
Load Dispatcher’s board. The current in the externa 
cuit was adjusted to 20 millamp. full scale or 75 mega 
watts. The load regulator was 31.25 mv. full scale 
megawatts, so a resistance of 1.5625 ohms was pla 
series with the external circuit and the load regulator 
vanometer connected across it, in series with a 50-ohm 


ing resistance. This made a scale constant of 2.5 or 
regulator. 

The steam plant indicator was made of an old G. E 
D3 millivoltmeter which was 20 milliamps. full scale. TI 
Load Dispatcher’s indicator was a similar 8-milliamp 
strument, so enough shunt was put on it to make it 
20 ma. full scale, the new scales of course being 0 1 
megawatts. 

This job took three men four days as compared with 
eral weeks to get a factory job, and has worked fine. Th 
fluctuation on St. Johns now is seldom over three or four 
megawatts. 
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MOTOR-OPERATED 
GENERAL PURPOSE 


CONTROL MOTORS 


@ These powerful, compact Control FOR... 
Motors can be used for many posi- 








tioning purposes where a reliable ce ae 
motor drive is needed. All motors are TRANSMISSIONS 


completely oil-submerged for quiet- 
ness and long life. Available in MULTI-POINT 
fixed or adjustable speed, unidirec- SWITCHES 
tional or reversing models. For 115 BUTTERFLY VALVES 
or 230 V. A.C. Very small control RATIO VALVES 
current required on reversible motors. DAMPERS 

Write for information and prices. ETC., ETC. 


BARBER-COLMAN COMPANY. 














TTD tele ate lela aie) tm IM a) fell) 






















THERE is a Paragon 
Timer or Time Switch 
for practically every 


time control require- r BULLETINS TELL THE WHOLE 
ment. Hundreds of 

models . . . represent- RELAY STORY a 
ing tops in precision, 
dependability and 
suitability to applica- 
tion . . . produced by 


; a =n organization of en- 
vad gineers which has con- 


A Relay must not only be well designed and well 





built, but it must also fit the job as to capacity and 
assembly details for truly ethcient operation. W ird 
Leonard Relays are known for their crisp action, 





sturdiness and longevity. The scope of the 









. age Ward Leonard line permits selection with- i 

yn the Paragon J Series centrated on designing out compromise. LF ~ 
ae and building control as 
ri instruments for 36 years. Paragon units Send for Bulletins of interest to you. _ 


p. it have been proven in use and constantly 


. “" improved. Get Paragon's suggestions W A + D L * O A A 0 D : 


on your time control problem. 
- ELECT RIOC COMPAN Y 
The PARAGON ELECTRIC COMPANY 38 SOUTH STREET, MOUNT VERNON, N. Y. 


four Builders of Control Instruments since 1905 


35. WEST VAN BUREN ST., CHICAGO, ILLINOIS PLECTRIC CONTROL DEVICES SINCE 1577 


































_ cay 72-24 e st) A A 
DIAL INDICATORS , j 
Entirely new Indicators £ 
. in four sizes with choice Y oame a —4—f DRY TYPE 
a 





of fourteen different dial 
numberings. 


DRAFT GAGE 





Aut other diaphragm 
type gages are imita- 
tors of Hays original Colon-leather diaphragm 


All dimensions and char- 
acteristics to American 
Gage Design Committee 
specifications. Choice of 



































s jeweled or plain beer- draft gage. Hays must have something ‘‘on the 
ings in all models. ball’’ to be thus imitated—and to be the largest 
¢ Shockless wheel assem- selling draft gage on the market. Standard with 


bly nieneen . the U. S. Navy also. Publication 40-294 will 
Described with many bring you complete information. Send for it today. 


other models in the new cannnes 


coco! a AYS CORPORATION 


> B. Cc. AMES CO., WALTHAM, MASS. i BAAD Cemeestiee scan CITY NOMA DEA 
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Flash! Seeing the Unseen by Ultra- lowed wit esthetic unity 1 multiforn fro France), plus fat fees to expe 
high-speed Photography. [Ly HARoLD I | on, so that it not an assemblage historic fact s that Kdgerton 
, TAM R. kK AN. Jr. Hale but n assembl flash-tube stroboscope what Fulton 
Flint. Bostor 194 Clot} Rl, \ further result yf Dn Kdgerton ir’- teamboat not the inventor but 
page Price $3.00 tistr is the enhancement of tl cientific who made the darn thing wort 
Ml than te hundred nd fift pho nd technical ilue of this volume ye ol good of mankind, If hero-worship; 
! f them taken in a milliontl its practical value to industry lian looks up old files of IJnstru 
ibiect ngine fror the \ i the text, it 1 » brief that the will be ible to augment his docun 
t] t f } blebe t the flight of lume i in albur ither than a_ boo ind to improve subsequent ed 
, ttl fror the propagation of The text, after fourteen-page Introduction, tl otherwis flawless volume by 
7) ressive deforma consists largely of specific explanations and viving offense to the pioneer inver 
} fro. hiolos t ndustry,. commentarie Though necessarils discon their hero-worshippers. 
t ie? t} ‘ nstitute the tinuou it 1 so elegantly written that it Subsequent editions there must 
ntent f the lume unde ounds racaer: san ee like the cause Edgerton and his co-worker 
ro } lequat review should not inobtrusive remarks of a cultured lectu hausen and Grier have rendered 
hould include at least howing lanterr lick Because this text tanding service to science and in 
But th best ple e tl unobtrusive and well-written, the best ways 


ind to art—by perfecting the flasl 








ture So that out. Moreover to enjoy this work of Edgerton and Willian stroboscop. und developing the t 
‘ presentative sample it ucn is to open it at Page On¢ ind savol ‘ of its use. This volume should be 
HOE igner of tl slow! page by page, instagraph by insta not only by several “albums 
et ised eight photograpl gt iph, as you would sit back and enjoy aun graphs with brief captions, but 
- r the imadequacy ts illustrated lecture by Harlow Shaple) technical ‘book.’ The need for alb 
that photog ph ind “picture r whoever you hero of the cientific 1 books is beginning to be felt. The 
weak meanin There is needed a ture platform may be Olume marks the birth of a distir 
ting the extremel mall in Speaking of hero-worship, that of Mn pational field—a new professior 
rograpl which refers to the Killian for Professor Edgerton, while pet isiness a). new industry. a new 
all ir | e. The word SSTA fectly justified l expressed Witt what id the early cinematograph show 
( es ft ind 0 readily seen to us the wrong emphasis. Mr. kil oe vata a EE BS FOO 
hana : e seen it, thoug! lian in his introduction traces the hist This new field may not grow 
n't remember of stroboscopes, going into fascinating ae motion pictur ar 1s radio, but 
Cher t onl i gifted poet could sing tails about the nineteenth-century instru the handful of worker it M.LT. w 
neing be it nd startling novelty ment ind the personalities of their inven bicolor, it will Givide. different 
bject \s NKillian explair in hi tors, then giving fewer and fewe1 etail grow into groups of professional 
! \ ft n D Id I ! t ! rn time ana : iteur if rtists and of engi 
! t not I n fact nd ar givin the I! I that wi t l Ww busine executive und € custome 
but in obtain record that pi now! the rtor € OF Sl will b cieties, n izines, coll 
nts th t nd ar sina ni sudden! prat ful rmed like | nd l the panoply of = met 
Mar t n ) Athe fro he brail I Zeu \ hur ! ctivit 
f } } t nd nit ll troboscopes utl I ntt I ] Mr Killiar ro. t 
I ul bD i na ¢ | tor aqdischarge thi l ) | . Nan oe u 
iption that was eloquent : | ps were on the market in the nineteen Im mortality. That is wh 
\ . ilet dina tnd twenties. A rule, the inexpensiv insti of instrument which was on. th 
establi t } t } sib] ana nt lid not quit tisfy the incr before he began his work will f 
) I nir , xpI I xactir 1 liremet? ence ! t know th Edgerton Strobosco} 
” 1) I tor tior lustt ind the ! that ‘ ! Is W it Is ple ure to hail tl 
x f individuall electable and col but the kiteher sink cost bou 1 rty : ource of inspiratior ind 
! enificent nst raphs. He hi thousand francs plu i few hundred dollar it wholeheartedly to all Jnstrume) 
not take the ll, but he } e! to Uncle Sam (because the wer meted \] 
Re: Books on Instrument Serv icing may be by types of work. For example, one man m 


this country’s outstanding authority on the servicins 
A SUBSCRIBER WROTE: non-metallic diaphragm instrument elements, from the 
In your February editorial you implied that would-be delicate draft gage element employing gold beater’s sk 


authors of notes on instrument servicing should consult the most rugged control-valve diaphragms. Anothe) 
you as to the uncovered fields. I am deeply interested in might have made himself into the highest authorit 
adding a few words to the many well-written ones that I bearings which should be nearly frictionless and yet 
read each month when Jnstruments comes via the mail. sure-tight, such as are found in many flowmeters, 
Can you please list a few of the instruments that appar level instrumentation, ete. 

ently need service notes written? We service quite a Select some particular topic (whether it be a type 
variety. ... strument or a type of work) in which you know that 
Lp v, 1941 H. S. F. have made yourself an authority; and send us an outline 


the article which you propose to write. (If your pro} 

OUR REPLY: | sig Rip? vadee : peel ] 

treatment is longer than four thousand words, it woul 

Thank you for youl letter of April 2nd. As I stated in my be one article but two or three.) 

February editorial, we are about to publish a series of 
articles on servicing electrical instruments; and these ar- 
ticles will later be issued in the form of a book. The field of 
aircraft instruments, likewise, is taken care of—not by us 
but by others. This also applies to that branch of instru 


ment servicing which is so similar to watch and clock serv- 
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...THAT’S THE STORY! NOT 1 BUT 95! 
10 The New TAYLOR FULSCOPE CONTROLLER 
~ handles not I but 5 Control Jobs! 
10 
: TOU can speed up quality production 
84 by installing the new Taylor Fulscope 
ce Controller. It automatically, absolutely, 
101 accurately controls processing operations 
pn with the utmost precision. It’s the faster 
way to do your best work,*‘as per orders.” 
You can economize by installing the 
new Taylor Fulscope Controller. It’s 
8% ‘ adaptable. It’s versatile. Fact is, its unique. 
ot The new Taylor Fulscope Controller grows, 
nn and saves you money by growing. 
84 You may need the Fulscope, at first, to 
“3 handle simple processing. So you install 
7 the basic instrument for that job. Then 
; your needs expand, demanding a controller 
Se capable of governing more complicated 
\ operations. Use the same basic Fulscope 
en Controller—by having other unit assem- 
bhes added or substituted in the drilled 
ar St and tapped Fulscope case. This change- 
8° over to a different instrument may be 
done in the field or on the job. You ac- 
tually have a new instrument, without 
having to buy a new one! 
ME Not 1 but 5 available forms of process 
: control— for governing and recording tem- 
bi perature, pressure, liquid level, rate of 
7 flow, or combinations—make this Ful 
Te scope an essential for hi od ¢ rr pre duction : 
m It’s not a “doctored up” instrument, 
a hasn't merely been “tinkered with” or 
“improved.” This new Fulscope Is me 
— Ask the Taylor man. Or write Tavlor 
Instrument Companies, Rochester, N.Y, 
—— Plant also in Toronto, Canada. 
riter Be prepared with Taylor Instruments! 
dy 
c 
m Not 1 but 5... -1// these Forms of a _ 
Control available in New Tavlor 
; | Al Fulscope Controller 
} 1. Fixed High Sensitivity. 2. Adjust- 
J able Sensitivity. 3. Adjustable Sensi- Indicating J Recording Controlling 
— tivity with Automatic Reset (in same 
case). 4. Adjustable Sensitivity with Taylor's TEMPERATURE, PRESSURE, FLOW 
Il iinois amazing Pre-Act effect. 5. Adjustable Sensitivity wand LEVEL INSTRUMENTS 
with Automatic Reset and Pre-Act ica. J 
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